Abstract A 19-year-old patient presented with intractable uterine bleeding, 11 weeks post-abortion. A pelvic ultrasound with Doppler and color imaging suggested a uterine arteriovenous malformation. Failing conservative therapies, the patient consented to uterine artery embolization (UAE). Two months later, she conceived and had an uneventful normal vaginal delivery at term. Since this is an extremely rare condition, allowing limited clinical exposure and experience, there may be an underlying reluctance by general practitioners to treat these cases with uterine artery embolization for fear of compromising future fertility and pregnancies. However, data from the 20 pregnancies embolized for uterine AVM cited in the present report and data from embolization for uterine fibroids indicate that such fears may be unfounded since pregnancy rates and outcomes may not be compromised after UAE.
Introduction
Uterine arteriovenous malformations (AVM) are extremely rare and may be either congenital or acquired through trauma, uterine instrumentation such as D & C, infection or gestational trophoblastic disease. They may present as menorrhagia, menometrorrhagia or sudden and sometimes severe uterine bleeding or post-partum hemorrhage [1] [2] [3] . There is evidence to suggest that arteriovenous malformations may be a cause of recurrent pregnancy loss [4, 5] . Traditionally, therapies include medical management of symptomatic bleeding [6] , blood transfusions for more severe episodes of hemorrhage, or uterine artery embolization (UAE) with either microsphere particles or gelfoam pledgets. A case of UAE followed by laparoscopic resection of the mass has also been reported [7] . In cases where UAE is not available or not logistically feasible, hysterectomy has been the definitive standard of practice. However, in women who wish to preserve their fertility or cannot tolerate surgery, hysterectomy may not be desirable or feasible and uterine artery embolization is an acceptable treatment option. To date, we found 15 reports describing 19 pregnancies following uterine artery embolization for the treatment of arteriovenous malformation [3, 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] (Table 1) .
To our knowledge, our case is the first of its kind in Canada and one of the youngest patients to have a successful pregnancy soon after uterine artery embolization for the treatment of arteriovenous malformation. Review of the case has been granted by our local ethics committee and the patient has signed consent.
Case report
A 19-year-old patient, para 0, gravida 1, presented for evaluation of persistent vaginal bleeding. She had a therapeutic abortion at 11 weeks gestation by suction curettage 3 months prior to her visit and had been bleeding quite heavily since. A pelvic ultrasound with Doppler and color imaging suggested an arteriovenous malformation measuring approximately 1.9 cm. Trials of tranexamic acid (Cyclokapron, Pfizer, New York, NY, USA), oral contraceptives, and a Foley catheter inserted to tamponade the uterus on two occasions failed or was not tolerated by the patient. At one point, the patient received blood transfusion and hysterectomy was considered as definitive treatment in a peripheral hospital.
The patient was transferred to a tertiary center. Uterine artery embolization was explained to the patient including possible procedural risks as well as uncertain future fertility and pregnancy outcomes.
Under fluoroscopic guidance, the catheter was advanced into the left uterine artery which showed a hyperemic uterus with rich blood supply to the right side of the uterus. The distal left uterine artery was embolized using multiple gelfoam pledgets (Fig. 1) . When contrast was injected into the right uterine artery, a very vascular uterus as well as a tangle of abnormal-appearing vessels at the superior aspect of the posterior midline consistent with an arteriovenous malformation measuring 2-2.5 cm in diameter was demonstrated. The catheter was advanced into the distal uterine artery beyond the origin of the anastomoses of the ovarian artery and 1 cc of embospheres (500-700μm, Biosphere Medical, Rockland, MA, USA) was used to embolize the artery. The catheter was then pulled back and the more proximal uterine artery was embolized with multiple gelfoam pledgets. Repeat angiography showed occlusion of the distal uterine artery but patency of the proximal uterine artery. Within 1 month of embolization, the patient had a regular menstrual period and became pregnant on her next cycle. Her pregnancy was monitored by her own obstetrician during the first trimester and she was subsequently referred to our own maternal fetal medicine clinic at 22 weeks gestational age. Initial ultrasound showed a posteriorly implanted placenta with normal uterine artery blood flow and normal fetal growth. Subsequent MRI at 34 weeks showed the placenta predominantly implanted on the posterior aspect of the uterus, overlying the previous A-V malformation site. There was no evidence of placenta accreta or percreta, and the volume of amniotic fluid was adequate (Figs. 2 and 3) . Ultrasound showed the estimated fetal weight to be in the 38th percentile with adequate amniotic fluid volume. The umbilical artery Doppler flow was at the 95th percentile. She had no episodes of bleeding and reported adequate fetal movements. She was induced at 39 weeks gestational age, and she delivered a healthy female infant weighing 2,954 g with an Apgar score of 9 and 9 at 1 and 5 min, respectively. The placenta was delivered intact with gentle traction on the cord and fundal stimulation. A small first-degree perineal tear was repaired and the estimated blood loss was less than 500 cc. She remained on our post-partum ward for 2 days and did not experience any degree of post-partum hemorrhage. Discussion Arteriovenous malformations are rare and can cause serious abnormal uterine bleeding. Uterine artery embolization is now an established minimally invasive treatment for a number of uterine disorders including AVM for women who wish to preserve their fertility or who are poor surgical candidates [20] [21] [22] .
As a rule, uterine artery embolization has been low on the list of treatment options for intractable uterine hemorrhage in women of reproductive age who wish to preserve fertility because of fear that the uterine vasculature may be permanently altered and compromise fertility and pregnancy outcomes. In addition, it is thought that UAE may result in abnormal placentation in future pregnancies resulting in miscarriages, premature births or placenta previa, accreta, and increta.
However, it has been shown that following laparoscopic uterine artery occlusion [23] , and uterine artery embolization with particles [24] , the uterus actually reperfuses itself and escapes ischemia and necrosis using collateral blood circulation through the broad ligament and ovarian and vaginal arteries [23] . Furthermore, several studies have shown that pregnancy rates and outcomes after UAE for uterine fibroids may not be different than those following myomectomy [25] [26] [27] [28] . Pron et al. reported 24 completed pregnancies in 21 women amongst 555 women who had UAE (median age 35 years, range 27-42 years). Although 164 women reported a desire for future pregnancy before embolization, only 35 women reported that they were trying to conceive at the 1-year follow-up telephone interview for a pregnancy rate of 60%. Three of these women had abnormal placentation; two placenta previa (one partial accreta), and one placenta membranacea with accreta resulting in cesarean hysterectomy. The authors concluded: "After UAE, women were able to conceive and most resulted in term deliveries and appropriately grown newborns. Close monitoring of placental status however is recommended" [26] .
Walker et al. reported on over 1,700 women with fibroids embolized from December 1996 to December 2007. Seventy of 130 women seeking pregnancy achieved 94 pregnancies (mean age 38.6 years); a pregnancy rate of 53.8%. The authors concluded that "it is scientifically invalid as is often stated by various bodies and in areas of the literature to claim that no patient wishing to become pregnant should have UAE. In addition, the authors found that pregnancy outcomes after UAE were similar to myomectomy and general population for a given age" [27] . However, since the hemodynamics in cases of UAE for fibroids and AVM are different, the reproductive outcomes following UAE for fibroids and AVM may also be different. Although none of the studies on UAE for fibroids was designed to evaluate fertility and pregnancy outcomes, all studies suggest that the pregnancy rate after uterine artery embolization for symptomatic fibroids may be somewhere between 30% and 64%. The range of this pregnancy rate is remarkably similar to that reported after myomectomy by any method. For example, a meta-analysis of non-randomized prospective studies on pregnancy after abdominal myomectomy reported an overall pregnancy rate of 57% [29] , while a review of 15 case series reported an overall pregnancy rate of 51.5% (11% to 71%) after laparoscopic myomectomy [30] . Furthermore, a randomized trial of laparoscopic versus laparotomy myomectomy reported pregnancy rates of 54% vs. 57% [31, 32] .
Conclusions
In the present case, a successful term pregnancy and vaginal delivery was achieved following UAE for treatment of a symptomatic arteriovenous malformation of the uterus. Since this is an extremely rare condition, allowing limited clinical exposure and experience, there may be an underlying reluctance by general practitioners to treat these cases with uterine artery embolization for fear of compromising future fertility and pregnancies. However, data from the 20 pregnancies embolized for uterine AVM cited in the present report and embolization for uterine fibroids indicate that such fears may unfounded since pregnancy rates and outcomes may not be compromised after UAE.
